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ABSTRACT 



A camera module for use in a surveillance camera system is 
provided. Hie camicra module includes a housing and a 
pan-and-tilt mechanism that is mounted to the housing. The 
pan-and-tilt mechanism includes a pan motor for panning a 
camera an d a tUt motor for tilting the camera. The pan motor 
is mounted on the pan-and-tile mechanism so as to be 
stationary relative to the housing. A slip ring, mounted to the 
pan-and-tilt mechanism, provides electrical connections to 
the tilt motor and die camera and a flex cable connects the 
camera to the slip ting. Also provided arc methods for 
controlling unique functions of the surveillance camera 
system. Calibration of a home pan position for the camera is 
achieved by monitoring an optical homing s^isor. CaHbra- 
tiott of a home tilt position for the camera is accomplished 
by driving the camera against a stop. Theceafter, pan and tilt 
positions of the camera are tracked relative to the home pan 
and tilt positions. The electric current for encjigizing the tilt 
and pan motors is controlled in relation to the motor speed. 
In addidon, an auto-pivot feature provides automatic pivot- 
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ing of the camera when die camera is in a vertical position. 
A tour feature is included for playing back a recorded 
sequence of camera pan and tilt positions. A speed scaling 
fe^ure automatically adjusts panning and tnting speeds of 
the camera based on the distance of a target from the camera. 



12 Claims, 7 Drawing 9ieets 
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SURVEILLANCE CAMERA SYSTEM 

FIELD OF THE INVENTION 

The pieseat inveation relates to surveillaiice camera sys- 
tems and, more specifically, to a remote camera module 
having a unique combination of features for a surveillance 
camera system and method for automatically controlling the 
unique combination functions within the surveillance camr 
era system. 

BACKGROUND OF THE INVEOTION 

Surveillance camera systems are commonly used to moni- 
tor various areas in a place of business, such as cashier 
windows at a bank or gambling tables at a casino. TVpically, 
an operator of such a surveillance system is located at a 
central location from which he/she controls one or more 
camera units that are remotely positioned throughout the 
area to be monitored. Hie remote units are often mounted in 
hemispherical domes that are suspended from the ceiling of 
the monitored area. By using a keyboard console, the 
operator selects images from the remote cameras to be 
displayed on one or more video monitors. Some systems 
include a joy stick on the control console to permit the 
q)erator to reposition a camera in order to obtain a better 
view of a particular zone of observation. 

State of the art video cameras include a plurality of 
adjustable features. Consequently, as the number of cameras 
in a surveillance system increases, the task of controlling the 
cameras becomes significantly more difficult As a result, 
the operator must spend a significant amount of time on 
adjusting the various camera functions, and tiius has less 
time to spend viewing the images acquired by the cameras. 
Moreover, the conqjlexity of video cameras and surveillance 
units now being used in camera surveillance systems and tiie 
multitude of adjustable features incoqxirated in them further 
increases the difQculty of the operator's function. 
Consequently, a need has arisen for means to more readily 
control the greater array of functions available in a camera 
surveillance system, in order to operate such a system more 
effectively. 

One particular problem that is frequently encountered 
occurs when a person being observed through a remote 
camera surveillance unit walks directly below the remote 
camera unit and then continues walking beyond the unit 
Generally, such a person is tracked by operating the joy stick 
on the camera control console while simultaneously observ- 
ing the person's movement on a video monitor. However, 
when &e person passes under the dome, one of two prob- 
lems occurs. Either the image on the monitor appears 
inverted or the operator neglects to manually pivot the 
camera in order to maintain a proper image and, at least 
temporarily, loses site of the person t>eing tracked. It would 
be highly advantageous to have a surveillance camera sys- 
tem that automatically pivots the camera under such cir- 
cumstances. 

Another difficulty often encountered by a surveillance 
system operator is having to repeatedly view multiple loca- 
tions in a monitored area in relatively quick succession. V<s 
example, a single camera may be used to monitcv several 
gambling tables in a casino or several cashier windows in a 
bank. To further con^cate matters, not only does die 
operator have to quickly and accurately position the camera, 
but he/she also has to adjust the camera zoom, focus, and/or 
white balance setting. Jt would be advantageous if the 
surveillance camera system automatically adjusted &e cam- 
era settings based on the camera's position. It would be 
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better yet, to be able to record a sequence of camera 
positions and a set of camera settings associated with each 
position so that the recorded sequence could be played back 
as desired with little cr no operator intervention. 

Yet another disadvantage of the known survdilance cam- 
m systems relates to the difficulty of installing and senric- 
ing the systems. More specifically, the buildings in whidi 
the remote camera units are deployed have ceiling heights or 
constructions that usually vary from building to building. 

10 The ceilings may be constructed from tiles cr panels that are 
badly waiped. Furthermore, the thickness of ttie ceiling 
panels or tiles varies from site to site. The known systems 
leave something to be desired in accommodating such 
variations. Further still, in many cases, the ceiling-mounted 

IS camera unit is accessible only with a long ladder. Obtaining 
access to the interior of the camera unit often requires a 
service technician to simultaneously handle several pieces 
including tools, test equ^ment, a dome, a decorative ring, 
and any conqionents requiring replacement In the known 

20 systems, testing of tiie camera unit requhes conuminication 
with another individual located at the camera system control 
console. It suffices to say that installation and senridng 
under such conditions is very difficult and can be dangerous. 
Accordingly, it would be h^hly desirable to have a remote 

^ camera unit that is easy to install and service. 

SUMMARY OF THE INVENTION 

In accordance with one aspect of the present invention 
3Q thore is provided a surveillance camera unit for monitoring 
a selected area whidi includes a housing and a pan motor 
platform fixedly mounted to the housing. A pan motor is 
fixedly mounted to the pan motor platf onn. Also provided is 
a tilt motor platform rotatably mounted to the pan motor 

3 j platform to permit rotation of the tilt motor platform about 

a pan axis. A first mechanical coupling between the pan 
motor and the tilt motor platform effects rotation of the tilt 
motor platform about the pan axis during operation of the 
pan motor. A tilt motor is fixedly mounted to the tilt vaotxx 
^ platform and a camera is rotatably mounted to the tilt motor 
platform such that the camera can be rotated about a tilt axis. 
A second mechanical coupling is included b^een tiie tilt 
motor and the camera to effect rotation of the camera about 
the tilt axis during opmtion of the tilt motoL A slip ring is 

4 j mounted on the pan motor platform for providing dectzical 

connections to the tilt motor and the camera. 

In accordance with another aspect <^ the present invention 
there is provided a method for monitoring a selected area 
using a surveillance camera unit having a camera module 

50 and a monitoring system, in which the camera module 
includes a pan-and-tilt mechanism having a tilt motor for 
tating a camera and a pan motor for panning the camera. The. 
tut motor operates at a sdected traveling speed to effect 
tilthig of die camera such that die camera moves firom a 

55 generally horizontal position to a generally vertical position. 
The tilt position and tilt traveUng speed of the camera arc 
monitored by an on-board controller. The tilting speed is 
conq>ared to a reference tilting speed. When the camera is 
substantially in its vertical position and die tilt speed of the 

^ camera is at least equal to the magnitude of the reference 
tilting speed, the camera is automatically pivoted by oper- 
ating the pan motor so that the camera pans 180 degrees^ 
In acomlance widi a further aspect of the present inven- 
tion there is provided a method for monitoring a sdected 

65 area using a surveillance camera unit having a -camsa 
module and a monitoring system, in which die camera 
module includes a pan-and-tilt mechanism having a tilt 
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motor for tiltiiig a camera and a pan motor for panning the Refemng now to the drawings ^^erein like reference 

camera. Hie tilting and panning of the camera is manually numerals refer to the same or similar components across the 

controlled to locate the camera at each of a series of selected several views, and in particular to FIG. 1, there is shown a 

combinations of pan and tilt positions. Each of the combi- dome camera module, generally designated 10, for moni- 

nations of tilt and pan positions of the camera are recorded 5 toring a selected area. The dome camera module 10 includes 

at pic-detennined time intervals during panning and tilting a camera 12 that captures real-time images of the selected 

of the camera and the recorded combinations of pan and tilt area and transmits the images to a central monitoring station, 

positions axe stored. Thereafter, the recorded combinations or possibly to muM^e monitoring stations, for viewing by 

of pan and tilt positions are retrieved in a desired sequence an operator as shown in FIG. 9. A number of dome camera 

and the camera is panned and tilted to the respec^ve pan and lO modules 10 may be located at strategic locations throughout 

tilt positions in tiie desired sequence. the monitored area to provide multiple views of the area to 

In accordance with yet another aspect of tiie present the central monitoring station, 

invention there is provided a m^od for monitoring a Preferably, the dome camera module 10 is installed into 

selected area using a surveillance camera unit having a an existing ceiling in the area to be monitored. A 

camera module and a monitoring system, in which the hemispherical, translucent dome 14 prefoably fonned of an 

camera module includes a pan-and-tiih mechanism having a acrylic material, extends bdow the ceiling to enclose tiie 

tilt motor for tilting a camera and a pan motor for panning camera 12. Hie dome 14 is preferably semi-transpaient to 

die camera. Ahome tilt position for tiie camera is calibrated permitthe camera 12 to view the monitored area in amanner 

in an on-board controller by operating the tilt motor for a that is unobtrusive to persons present in the monitored area, 

predetermined time such that tiie camera is driven against a 20 ^ housing, generally designated 19, encloses the compo- 

stop at a selected tilt position on the pan-and-tOt mechanism jjents of the dome camera module 10 above the ceiling. The 

A home pan position for the camera is calibrated in tiie housing 19 has a stationary outer shell tiiat includes a 

on-board controller by operating the pan motor until a protective cover box 20 and a base 22. The base 22 has an 

homing sensor located on the pan-and-tilt mechanism is upwardly extending inner lip 23 that extends along the inner 

activated. Thereafter, tiie tilt motor and the pan motor are 25 periphery of the base 22. A series of threaded holes are 

operated to effect tilting and panning of tiie camera to locate formed in tiie inner lip 23 of base 22. A plurality of 

tiie camera at a selected tilt position and pan position. The horizontal support bars 24 are formed at one end to be 

tilt and pan positions of the camera are trad^ relative to the attached to the base 22. The other end of a support bar 24 is 

home tilt and pan positions, whereby tfie instantaneous formed to be ciq)ped onto a support span 30 of tiie ceiling 

pan-and-tilt positions of the camera are knowiL ^o secure the dome camera module 10 to the ceiling. 

BRIEF DESCRIPTION OF TOE DRAWINGS "n^ehouring Windudes an adjustoble innerft^ tfiat is 

disposed within the outer shell of the housmg 19 and that 

The foregoing summary as well as the following detailed permits height adjustment of the dome 14 relative to the 

description of the preferred embodiments of the present outer shell to allow for variations in thickness of ceiling 

invention will be better understood when read in conjunction panels or tiles. The outer shell of the housing 19 is mounted 

with the appended drawings, in which: above the ceiling tiles and thereafter, the inner frame is 

FIG. 1 is a perspective view, in partial section, of a dome adjusted from below tiie ceiling. The inner frame includes a 

camera module in accordance with the present invention; plurality of interconnected walls 26 forming a structure that 

HG. 2is a simplified perspective view of apanandtill 40 is .connected to a perft)hexal hwizon^ support 28. TTie 

assembly for tiie dome camera module shown in HG. 1; adjustable mn^ frame can be more readily understood witii 

„ ^. - - . reference to FIGS. 7 and 8. 

FIG. 3 is arear elevation view of flie pan and tJt assembly ^ ^ . ^ ^« . „ 

shown in tiie dome camera module of HG. 1; ^T? If^^ ^'^T^ "^f^ u^, ^ '}?^ 

™^ ^. .J . ^* - ^.1. j^-i. 1-1. 88 formed tiierem that aligns with a threaded hole formed in 

45 tiieiniernp23ofbaseAAscTeworbolt86attachestfie 

shown m FIG. 3; 26 to tiie inner lip 23. The inner frame can be verticaUy 

FIG. 5 is a first side elevation view of tiie camera and its adjusted by loosening screws 86 and moving tiie inner frame 

associated flexible electrical connection shown in the dome yp ^j. do^n. As a consequence of tiiis arrangement, tiie dome 

camera module of HG. 1, tiie camera being in tiie vertical camera module 10 may be easily mounted in cdlings having 

position; various thicknesses or in a warped ceiling. For example, 

FIG. 6 is a second side elevation view of the camera and FIG. 7 shows mounting of the dome module 10 in a 

flexible electrical connec^on shown in FIG. 5, tiie camera relatively thin ceiling 31a, whereas FIG. 8 shows mounting 

being in tiie horizontal position; of the dome module 10 in a thicker ceiling 322r. In botii 

FIG. 7 is a first side elevation view, in partial section, of instances, as desired, tiie dome 14, and a mating trim ring 84 

the mounting assembly for tiie dome camera module of FIG. 55 abut the ceiling 32. The dome 14 is held in position with a 

1; ball stud and mating dq) arrangemmt 82. 

FIG. 8 is a second side elevation view, in partial section, Referring back to FIG. 1, the adjustable inner frame of the 

of the mounting assembly for the dome camera module of housing 19 supports a pan and tilt assembly, generally 

FIG. 1; designated 40, and a dome oontrcdler, which is embodied in 

FIG. 9 is a block diagram of a dome camera surveillance ^ circuit boards 16 and 18. The operation of the pan and tilt 

system in accordance witii the present invention; and assembly 40 can be better underetood with reference to FIG. 

FIG. 10 is a block diagram of a control subsystem for a 2. The pan and tilt assembly 40 includes a pan motor 

dome camffa module in tiie surveillance system according platform 27, mounted in fixed relation to the adjustable inner 

to tiie present invention. ^ ^"^S ^- ^ embodiment shown, tiie pan 

65 motor idatform 27 mounts directiy to the horizontal support 

DETAILBD DESOUFnON OF THE 28. Rubberring bumpers or spacos 29 are disposed b^een 

PREFERRED EMBODIMENTS tiie platf^orm 27 and tiie horizontal support 28 at tiie points 
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of connection therebetween to provide vibration isolation 
between the housing 19 and the pan and tilt assembly 40. 

A pan motor 68, which is preferably a stepper motor, is 
mounted to the pan motor platfcnn 27. Rut4>er ring bumpers 
25 are disposed between the pan motor 68 and the pan motor 
platfcHm 27 to provide vibration isolation b^een the motor 
68 and the housing 19. The pan motor 68 includes a shaft 
that passes through the pan platform 27 and extends to the 
underside of die platform. A puU^ 62 is afSxed to the 
pan-motor shaft A timing belt 56, shown in phantom, 
medianically couples pulley 62 to drive a second pulley 60 
which is rotatably mounted to the underside of the pan motor 
platform 27. The second pulley 60 has an annular bearing 
(not shown) mounted in tiie center thereof to permit rela- 
tively unrestricted rotation of the pulley 60 when being 
driven by the pan motor 68. Furthermore, a hollow, eccentric 
shaft (not shown) is used for mounting the puller 60 to the 
pan motor platform 27 and to permit tensioning of the timing 
belt 56. 

A tilt platform 47 in the form of a generally L-shaped 
yoke is supported from the pulley 60. A tilt motor 46, 
prefoably a stepper motor, is mounted on one leg of the tilt 
platform 47. The tilt motor 46 has a shaft that extends 
througji the tnt platf onxL 47. A third pulley 64 is afBxed to the 
tilt motor shaft and is medianically coupled to a fourth ^ 
pulley 48 by a second timing belt 50, shown in phantom. An 
annular bearing and eccentric shaft (both not shown) are 
utilized to mount the pulley 48 to the tilt platform 47. 

As shown in FIGS. 3 and 4, shroud supports 52a and S2b 
are mounted to the tilt motor platform 47. An opaque, 
hemispherical shroud (not shown) is attached to the shroud 
supports 52^ S2b and moves with the tilt motor platform 47 
during panning of the camera 12. Hie shroud includes a 
vertical slot that corresponds to die tilt range of die camera 
12 to permit viewing of the monitored area over die entire 
tilt range of the camera 12. A bracket 70 is a£Sxed to the 
camera 12 and to the pulley 48 for supporting the camera 
from pulley 48 such that die camera rotates concmrently 
widi the pulley 48. 

As shown in FIG. 3, a pin 44 extends from one side of 
pulley 48 into engagement with a slot 42 formed in the tilt 
motor platform 47. This arrangement restricts die angular 
rotation of pulley 48, and consequently camera 12, to a range 
of £q)proximately 100 degrees. The pin and slot arrangement 45 
also provides a hard stop at eidier end of the tilt range. 

Referring back to FIG. 2, a slip ring 66 is mounted to the 
pan motor platfcnn 27. The sl^ ring 66 provides electrical 
connections to die tilt motor 46 and camera 12 from the 
dome camera module controller and pennits continuous 
panning of the camera 12 in either clockwise or counter- 
clockwise direction. Because the pan motor 68 is mounted 
on the pan platform 27 electrical leads to die pan motor 68 
need not pass thiou^ slip ring 66, thereby simplifying its 
construction. A further advantage realized by having the pan 
motcff 68 located on die pan platf <am 27 is that the weight 
and size of the moving components are substantially 
reduced, thaeby resulting in increased response and speed 
in the panning operation for a given size of pan motor. 

Referring now to FIGS. 5 and 6, there is shown a 
jHcfened arrangement for electrically interconnecting the 
camera 12 to the slip ring 66. A multi-conducto flex cable 
38, such as type FPC manufactured by AMP, is connected at 
one end to the camm 12 by means of a suitable connector 
75. Cable 38 is connected at its other end to a second 
connector 76. The flex cable 38 is positioned in surface-to- 
surface relation adjacent to Uie camera 12. The flex cable 38 



so 



35 



40 



50 



55 



60 



is aligned to flex in conjunction widi tilting of die camera IZ 
As shown in FIG. 5, when die cam^ 12 is in die full 
vertical position, the flex cable 38 is flexed to form an 
inverted "L" or "r. Whereas when die camera 12 is in die 
full horizontal position, as shown in FIG. 6, the cable 38 is 
flexed to form an elongated 'tT. Such an airangement 
gready reduces the likelihood of damage to the flex cable 38. 
To further reduce the risk of damage to die flex cable 38, 
strain-reliefs 72 and 74 are positioned adjacent connectors 
75 and 76 respectively. Still furdier, a protective shield 78 
mounted to the tilt platform 47 adjacent flex cable 38 has a 
smooth surface to prevent cable wear resulting from 
repeated rubbing against die tilt platfcnn 47 during upward 
and^^wi^ard tilt movements of the camera 12. 
Rfif<arin]|5n^^ 
^ dome camera surveillance system according to tfae|resent 
^ invention. A video switcher 100, located at a central moni- 
toring location controls die overall operation of the camera 
surveillance system. A keyboard 102 is connected to die^ 
video switcher 100 via a nuilti-conductor cable 101. The 
keyboard 102 includes a joy stick, a plurality of function 
buttons, and an alphanumeric display. An opoator uses the 
keyboard 102 to select die display <^ images provided by 
one or more dome camera modules 10. For instance* the\ 
opaaiar can select viewing of images jnovided by a par- ^ 
tioilar dome camera module 10 or can sdoa sequential 
viewing of images provided by multiple dome camera 
modules on one or mcacc video monit<srs. 

The operator can also control the positioning of die 
camera widiin any dome camera module 10 using die joy 
stick. To do so the operator initially selects a particular dome 
camera module 10 using the keyboard 102. During selection, 
the display on die keyboard shows the indicia diat identify 
the selected dome camera. After dome selection is 
completed, camera positioning may be controlled using the 
keyboard joy sticL For example, if the opmUst moves the 
joy stick to the left or right, the pan motor 68 is activated 
inside the dome canotera mochile, thereby causing the camera 
to pan left or right Similarly, if the operator moves the joy 
stick fore aft, the tilt motor 46 is activated, resulting in die 
camera tilting up or down. Fiorther, die operator may control 
certain camera functions, such as focusing, zooming and 
white balance, from the keyboard. Ftirther yet, the operator 
can select automatic operation of one or more camera 
functions to provide enhanced images of die monitored area 
and to simplify die task of monitoring the area under 
surveiUance. The various features of the camera surveillance 
system relating to control of the camera functions are 
disclosed in a commonly-owned, copending application 
entided *'Video Surveillance System" filed concurrentiy 
herewith andJncoiporate(LheTdn_by_]^^ now VS. 
^lioT:5i517a36,-issued^K^^ 

The video switcher 100 sanqdes the output of the key- 
board 102 at periodic intervals and transmits a control 
message based on die keyboard output to all dome camera 
modules on the systeoL The video switcher is connected to 
a signal distribution unit 104 that converts the TIL signal 
sent by the video switcher 100 over line 106 into a balanced 
signaL The balanced signal is transmitted via twisted pair 
cable 108 to the dome controllers 110, 112, 114. The 
twisted-pair cable 108 runs directly to each dome controller 
from the signal distribution unit 104 or, alternatively, is 
daisy-chained from one dome controller to another. 
T^-coptrol:ia&ssage^sent:t6Ztfae:dgme-c (mtr<rfler8-^^^ 
2,— 114^inchxdes an address diat udquely identifies a . 
jparticular dome controller. Only the dome controller having! 
/a^^^kg_ad^ess j^gcesse^ All other 
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domes disregard the broadcast control message. Each con- remainder of the control message. If, however, the control 

trol message also contains keyboard status information, message address matdies the dome camera module address, 

which includes camera control commands. Such information the control message is processed by the micnM:ontioller 

includes joy stick horizontal position (pan direction and pan 130. 

speed), joy stick fore and aft position (tilt direc^on and tilt s xhe dome controUo' 110 includes a means for precisely 

speed) and camera control, such as zoom, focus and white controlling movements of the pan motor 68 and the titt 

ba lance adju^ ^ nt . ^ motor 46. A pan motor control circuit 142 and dlt motor 

^^ffl^^^i^^aMe5feK5^^^^^555id-| control circuit 144 are provided for controlling the motors 

gome controllers 110, 112, 114 is unidirectional, i 68 or 46, respectively. 

^ematively, full-duplex communication using a serial |* In the preferred embodiment, pan motor 68 and tiU motor 

46 arc stepper motors and eadi is formed to have 200 fiill 



/rommunication protocol, such as RS-232, can be utilized so 
|hat the video switcher 100 receives camera status informa- 
ijtion from the domejrpntrollers. 



steps, each step corresponding to 1.8 degrees of rotation. 
However, intermediate step positions are selected by utiliz- 



iO^^Se-wdro-ag^-is t^ eabh of the ^ } ing motor controllers 142 and 144 to micro-step the motors. 



f7?__ ^ „ 

dome controllers 110, 112, 114 along signal lines lU, 113, Each full step is divided into 125 micro-steps to provide a 

115 and is received by the video switcher 100. The operator total of 25 ,000 micro-steps per revolution. Although the total 

controls the video signal path through the switcher 100 to number of miao-steps is the same for the pan motor 68 and 

one or more video monitors. For exanq)le, FIG. 9 shows tilt motor 46, the amount of angular panning movement of 

three video monitors 120, 122, 124 that receive video signals the camera per step differs from the amount of angular tilting 
from the video switcher 100 via video cables 121, 123, 125. ^ movement per step. In the case of the pan drive system a 

In that configuration, images from any of the dome control- ratio of 5:1 is used between pull^ 60 and pulley 62. Thus, 

lers 110, 112, 114 can be displayed on any of the monitors for eadi micxo-step of pan motor 68, the camera pans 

120, 122, 124. 0.00288 degrees. In the case of the tilt motor 46, a ratio of 

Referring now to HG. 10, there is shown a dome con- 2:1 is used between the pulley 48 and pulley 64. Thus, for 

troller 110 whidi includes a MC68HC16 micnM^ontroller each miao-step of the tilt motor 46, the camera tilts 0.0072 

130 of the type manufactured by Motorola Incorporated. TTie degrees. 

micro-controUo' 130 manages the functions of the dome The pan motor controller 142 and the tilt motor controller 

camera module 10. Such functions are dictated by com- 144 also include means for regulating current flow to the 
mands sent from the video-switcher 100 located at the ^ motors 68 and 46 in order to reduce power consumption 

remote central monitoring station. The micro-controller 130 when the motors are in an idling or slow-moving state. To 

executes a program that is stored in a non-volatile memcsy, that end, a 12-bit digital-to-analog converter (DAC) in 

enibodied as an EPROM 134. In addition, the micro- controller 110 is programmed by the miao-controUer 130 to 

controller 130 has internal data registers for storing set the current level for each of motors 68 and 46. The 

frequendy-cfaanged and run-time variables. An EEPROM maximum current level for each of the motors 68 and 46 is 

136 is utilized for storing system configuration and setup 1 amp. It has been found that a setting of 35% of die 

variables because such a device retains its data when power maximum current level is suitable during idling periods, a 

to the dome controller 10 is turned off. setting of 50% of the maxinmm current level is suitable 

A local test selector 131 is included on the dome control- during steady motor travel, and a setting of 75% of the 

ler 110. The selector 131, which has a push button and a 4q maximum current level is suitable for acceleration and 

four-digit thumbwheel, serves two primary functions. First, deceleration of the nwrtors. 

a service technician can use the local test selector 131 for The micro-controller 130 continuously tracks the camera 

diagnostic servicing by dialing in a diagnostic code on the position respective to die home pan and tilt positions. The 

thumbwheel and dien activating the push button to execute starting or home positions of the motors 68 and 46 are 

the conesponding function. For instance, the technician can 45 determined by a homing sequence performed with respect to 

set the thunibwheel for a tilt motor downward movement eadi motor. The homing sequence is executed by the mioo- 

and dien activate the push button to move the tUt motor 46 controller 130 during initial power-up, during restart after a 

in the selected direction. In this manner the technician is able powex*failure or after receiving a homing message from the 

to diagnose, service, or test the dome camera module 10 central monitoring station. 

without requiring activation of dome camera module func- 5^ homing of the pan motor 68 is initiated by activating 

tions from the central monitoring station, Le., through key- n^^tor 68. An optical switch 54 is monitored by the 

board 102. micro-controller 130. As shown in FIG. 3, the optical switch 

In the second primary function, the local test selector 131 54 is mounted to the pan motor platform 27 and a flag 58 is 

is used to assign an address to the dome controller 110. More afBxed to the outer perimeter of the pulley 60. When the 

specifically, the thumbwiieel of die local test sdector 131 is 55 pulley 60 rotates the flag 58 eventually aligns with the 

set to a desired 4-digit address. Subsequentiy, v/hea control optical switch and blocks the sensor in optical switch 54 for 

messages are sent to the dome controller 110, the address a brief period of time. At all other times the sensor in optical 

tiiat is included in the prefix of the control message is switch 54 remains unblocked. When the sensor in optical 

compared ag ainst the setting on the local test s dector: switch 54 is blocked, the home position for the pan motor 68 

^lcEd^^-a)n^rer-li0^bchides-a"communication 60 is calibrated by the miao-controllCT 130. When the home 

receiver 132 liist receives a control message from the video position has been calibrated, the pan motor 68 position can 

switdier 100 in a serial :fQmiat and converts it to a parallM thereafter be tracked by counting the number of steps issued 

format Hie control message is then sent to the micro-^ to the pan motor 68 by the pan motor controller 142. In that 

controller 130 for proc&sing. The micro-controller 130 manner, the pan motor 68 can be stqiped, restarted, or 

determines whether the address present in die control mes- 65 operated continuously, and its location is continuously 

sage matches the address of the dome controller 110. If there tracked relative to the home position. Such open-loop con- 
trol eliminates the need for sensors, such as potentiometers 
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or encoders, to detennine the cunent pan position of the An auto-pivot feature is provided which is especially 

camera 12. In addition, the home position of the pan motor usefiil when viewing a person waUdng down a hallway or 

68 can be recalibrated ^enever the sensor of optical switch aisle and passing underneath the dome camera module 10. 

54 is blocked by the flag 58. For instance, if die pan motor When the auto-pivot function is selectol by the operator at 

68 is in a continuous panning mode of operation, recaHbra- 5 the central monitoring station, the micro-controller 150 

tion of the pan motor home position occurs once for each monitors the tilt motor position and the tilt motor speed that 

revolution of puU^ 60. Recalibration in this manner pre- is selected by the operator using the keyboard joy stick. The 

vents any eiror buildup in tracking the pan position of the video switcher 100 periodically transmits a tilt motor direo- 

camexa 12. tion and speed signal to the dome controller 110. If the 

The homing sequence for the tilt motor 46 differs from camera position is determined to be in a generally vertical 

tiiat of the pan motor 68. Ratiier than utilizing an optical position, Le., the camera is o^turing images directiy below 

sensor, which would require additional connections through the dcune camera module 10, and if the selected tiJt motctf 

the slip ring 66, a mechanical stop is used to calibrate the speed is greater than a selected threshold auto^ivot speed, 

home position of tiie tilt motor 46. As shown in FIG. 3, the then the following sequence is automatically exeoited by tiie 

Tpin 44 extending from pulley 48 engages with the curved micro-controller 130. First, the tilt motor 46 is deactivated 

slot 42 formed in tilt f^tform 47. As the pulley 48 rotates just prior to pin 44 contacting the end of the slot 42. Next, 

in response to activation of tilt motor 46, the pin 44 travels the pan motor 68 is automatically activated to pan 180 

wifliin slot 42 to limit angular displacement of the camera. degrees and then deactivated. Finally, the tilt motor 46 is 

Hie tUt motor 46 is run in an open-loop mode and there is activated to cause the camera 12 to travel from the full 

no feedback to the micro-controller 130 to inform it when vertical position toward the horizontal position, 

the upper-most tilt position has been reached. During the tilt 20 However, if the tilt motor 46 is in a genoally vertical 

mc^or homing sequence, the tilt mot<H- 46 is activated so that position, but tiie tilt motor speed is less tiian the threshold 

the camioa 12 moves to a generally horizontal position, as auto-pivot speed, then the auto-pivot function is not 

shown in FIG. 6. The tilt motor 46 is activated for a period executed by the micro-controller 130. Instead, the tilt motor 

of time sufficient to ensure that the camera 12 travels to the 46 is deactivated when the camera 12 readies the fuU 

fiin horizontal position. During such operation, the pin 44 23 vertical position. The tilt motoa* 46 remains in this position 

contacts one end of the slot 42 and causes the tilt motor 46 until a tiU speed signal exceeding the threshold auto-pivot 

to sIq) for a brief period. After the motor activation period speed is selected with tiie joy sticL In this manner, if a 

expires, the tilt motor 46 is operated in reverse for a selected person walking down a hallway or aisle, slows down and 

number of steps, thereby establishing tiie tilt motcH* home stops directiy below the dome camera module 10, die tilt 

position. Similar to die pan motor 68, subsequent movement 30 mota- 46 can be stopped to hold die camera 12 at its vertical 

of die tilt motor is tracked by counting steps from the home position witiiout inadvertently activating die auto-pivot 

position. func^on. Furthermore, if the person reverses direction and 

Referring back to FIG. 10, a lens controll^ 154 and travels away from the dome camera module 10 the tilt motor 

camera controller 156 are inchided in tiie dome camera 46 can simply be reversed to so that the person can be 

module 10. The lens controller 154 and camera controller 35 continuously viewed. However, if the person continues 

156 each receive commands from the central monitoring down the hall in the original direction, the pan motor can be 

station through the micro-controller 130 or diredly from die manually activated to pivot die camera or the tilt motor 

micro-controller 130. Communication between the lens con- speed can be increased to cause execution of the auto-pivot 

troUer 154 and the micro-controller 130 is effected through function as described above. 

a bi-<lirectional synchronous communication link 153. 40 The auto-pivot sequence may be alternatively activated 

Whereas communication between die micro-controller 130 upon expiration of a selected time-out period. In dus mode, 

and the camera controU^ 156 is effected through a when the tOt motor 46 is d^ennined to be in a generally 

bi-dfrectional asyndironous communication link 155. verticalposition, the tilt motor 46 is deactivated. Thereafter, 

Examples of commands sent to the lens controller 154 tiie selected tilt motor speed is monitored. If the tilt motor 

include a manual focus command .and an auto-focus conor 45 speed is maintained at a selected level for a duration 

mand from die central monitoring station and a focus exceeding the selected time-out period, the auto-pivot 

positioning command sent by the micro-controller 130 based sequence is executed. A further alternative of the auto-pivot 

on tilt motor and pan motor positioning. Examples of function combines monitoring of the tOt motor speed and die 

commands to the camera controller 156 include a manual time-out period. In the combined mode, a tilt motor speed 

white balance and auto-white balance command from the 50 exceeding the threshold auto^ivot speed and the expiration 

central monitoring station, as well as a white balance level of the selected time-out period is required to initiate the 

command from die mioo^ontroUa 130 based on the posi- auto-pivot sequence. 

tions of the tilt and pan motors. EEPROM 136 of dome controfler HO stores a set of 

Power is provided to the dome controller 110, lens con- pre-positions. Apre-position is a set of variables that defines 

troUer 154, camera controller 156, pan motor 68, and tilt 55 a camera state including its pan position, tilt position, and 

motor 46 from a power supply 140 located in the dome camera settings, such as zoom location, focus location, and 

controller HO. A power transformer 138 steps-down die AC white balance level Upon request, the micro-controUcr 130 

line voltage from an external source to the power supply. reads pre^sition information from the EEPROM 136 and 

The AC power conductor is fed through a conduit 34 into a activates die pan motor 68 and tilt motor 46 to reorient die 

sqtarate wiling box 36, which houses die transformer 138, 60 camera from a first location to die location defined by die 

as shown in FIG. 1. pre-position. At the same time, the micro-controller 130 

As previously discussed, the miao-controUer 130 coo- sends lens control and camera control messages to the lens 

tinuously tracks the position of the pan motor 68 and tilt controller 154 and camera controller 156, respectively, 

motor 46. The most current position is stored in data which in turn perform the necessary operatiozis to achieve 

registers located widiin mioro-controUer 130. Several auto- 65 die preposition lois and camera sitings. . 

mated features can be activated by the miao^controUer 130 Hie present inv^tion also includes a tour feature, which 

based on pan and tilt motor positions. **plays bacl^ a reccvded sequence of pre-positions. The 
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pre-positions may be recorded by various methods. Id one 
method, tiie operator positions the camera 12 by activating 
the pan motor 68 and the tilt motor 46 until the desired 
viewing location is reached. Next the operator adjusts the 
camera and lens settings as necessary to obtain the best 
image of the location being viewed. For instance, the 
operator can select a close-up view by activating a keyboard 
zoom button and then adjust the camera focus by activating 
a focus button. After all the adjustments are conq)leted, a 
pre-positioD number is selected via the keyboard. In 
addition, a command to set the selected pre-position is 
initiated using the keyboard, at which time the pre-position 
set command and the selected pre-position nuiii>er are 
transmitted to the dome controller 110 to instruct the con- 
troller to store the current camera position and settings in 
EEPROM 136. As many as 60 pre-positions can be recorded 
in this manner. Subsequently, the operator can select play 
back of the stored prepositions in a sequential manner. 
Alternatively, the operator may select a subset of the pre- 
positions for play back in any desired order. 

An alternate tour mode requires that the operator continu- 
ously position the camera by manipulating tiie joy stick and 
change camera settings as desired. While die operator is 
^'recording** in this manner, the keyboard status (e.g. position 
of the joy stick) is monitored by &e video switcher 100 at 
50 millisecond increments and is stored as a keyboard 
command in a memory located on the video switcher 100. 
Thereafter, the operator can select play back of the stored 
keyboard commands, at which time the video switcher 
retrieves the commands stored in the memory and sends 
messages to the dome controller 110 as if the operator were 
directly controlling camera movement and camera settings. 

The miao-controUer 130 can also be programmed to 
automatically adjust pan and tilt motor speeds, a fundion 
referred to as speed scaling. Speed scaling is a method for 
accurately tracking a moving target based on its distance 
from the camera 12. For instance, if a person located a long 
distance from the camera is being monitored, and the camera 
lens is set for wide angle viewing, relatively slow panning 
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The terms and expressions which have been employed are 
used as terms of d^crq}tion and not of limitation. There is 
no intention in the use of such terms and expressions of 
excluding any equivalents of the features shown and 
described or portions thereof. It is recognized, however, that 
various modifications are possible within tht scape of the 
invention as daimed. 

What is claimed is: 

1. In a surveillance camera system, a camera module for 
monitodng a selected area comprising: 

(a) a housing; 

(b) a pan motor platform fixedly mounted to said housing; 

(c) a pan motor fixedly mounted to said pan motor 
platform; 

(d) a tilt motor platform rotatably mounted to said pan 
motor platform to permit rotation of said tilt motor 
platform about a pan axis; 

(e) a first mechanical coupling between said pan motor 
and said tilt motor platform for effecting rotation of said 
tilt motor platform about the pan axis dudng operation 
of said pan motor, 

(f) a tilt motor fixedly mounted to said tilt motor platform; 

(g) a camera rotatably mounted to said tilt motor platform 
to psmit rotation of said camera about a tilt axis; 

(h) a second mechanical coupling between said tilt motor 
and said camera to effect rotation of said camera about 
the tilt axis during operation of said tilt motor; 

(i) a slip ring mounted on said pan motor platform for 
providing electrical connections to said tilt motor and 
said camera; and 

(j) an auto-pivot means for automatically effecting rota- 
tion of said tilt motor platform about the pan axis by 
operating said pan motor so that said camera pans 180 
degrees. 

2. The apparatus as redted in claim 1, wherein said 
auto-pivot means comprises a local controller mounted on 
said pan motor platfc»ro, the local controller including 



aiidmtingmoveinaitsarerequiredtoliacktheperson.lfthe "leans for nwmtoing a tUt speed and 

a tilt position of said camera, the local controller being 
operable to compare a tilt speed setting to a reference tilt 



person is but a few feet from the camera, the speed of 
panning and tilting movements must be increased to accu- 
rately track die person. In addition, as the person moves 
closer to or farther firom the camera, the speed of panning 
and tUting is automatically adjusted to compensate for the 
change in distances. For example, the panning speed may be 
set for a current zoom position. Thereato, as the zoom 
position changes, the panning speed is dianged proportion- 
ately. In addition, pan motor speed may be scaled as follows: 



where equals tiie current zoom position, equals die 
maximum zoom position and S^ is equal to the minimum 
motor speed defined as a percentage of the maximum pan 
motor speed. Alternatively, pan and tilt motor speeds may be 
scaled based on the camera's auto-focus distance or on die 
camoa's tilt position. 

The micro-controller 130 can also be programmed to 
calculate the shortest path between a current camera position 
and a desired camera position. When the micrc>Hcontroller 
130 is so programmed and a change in camera position is 
required, the micro-controller 130 compares the current pan 
position to the desired pan position and the pan motor 68 is 
then activated to move the camera 12 in the direction of die 
shorter path, ie., dockwise or coimterdockwlse. 
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speed and to energize said pan motor to rotate said tilt motor 
platfc»m 180** about the pan axis when (a) the tilt speed 
setting is at least equal in magnitude to the reference tilt 
speed and (b) said camera is substantially in its vertical 
position. 

3. The apparatus as recited in claim 1, wherein said 
camera conpises an adjustable zoom lens having a plurality 

50 of zoom settings; said camera module further conqirising 
a local controller mounted on said pan motor platform, tiie 
local controller induding means for recording a zoom 
siting of the zoom lens; and 
speed scaling means for automatically adjusting the speed 
of said pan motor based on the iec<Hrded zoom setting. 

4. The i^aratus as recited in daim 1, further conqirising: 
a data storage device for reodving and stodng a plurality 

of combinations of pan and tilt positions; 
retrieving means for retrieving the combinations of pan 

and tilt positions in a desired sequence; and 
play back means for automatically positioning the camera 
in accordance with a retrieved sequence of combina- 
tions of pan and tilt positions. 

5. The ^>paratus as redted in daim 1, further conqnising: 
a pan motor controller induding first programmable 

means for setting a desired current levd for said pan 
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motor in propoition to a speed of said pan motor during 
operation thereof, wherein the desired cuuent level for 
said pan motor aaresponds to one of the following 
selected from the group consisting of idling, steady 
traveling, acceleration, and deceleration of said pan 
motor. 

6. The apparatus as redted in claim 5, further conqirising: 
a tilt motor controller including second {H^grammable 

means for setting a desired current level for said tOt 
motor in proportion to a speed of said tilt motor during 
operation thereof, wherein the desired current level for 
said tilt motor corresponds to one of the following 
selected from the group consisting of idling, steady 
traveling, acceleration, and deceleration of said tilt 
motor. 

7. The apparatus as recited in claim 1, wherein said 
housing is acU^ted for mounting in a ceiling and comprises: 

a base mountable ever an opening in the ceiling and 
having an upwardly extending inner surface; 

an inner frame disposed within the base for supporting 
said pan motor platform, the inner frame being formed 
for movement within the base along the upwardly 
extending inner surface; and 

fastening means for restricting a vertical movement of the 
inner frame relative to the base along the upwardly 
extending iimer surface, whereby the inner frame can 
be vertically adjusted and fixedly positioned relative to 
the base to accoimnodate ceilings of different thick- 
nesses. 

8. In a surveillance camera system, a camera module for 
monitoring a selected area comprising: 

(a) a housing; 

(b) a pan motor platfonn fixedly mounted to said housing; 

(c) a pan motor fixedly mounted to said pan motor 
platform; 

(d) a tilt nootor platform rotatably mounted to said pan 
motor platfonn. to permit rotation of said tilt motor 
platform about a pan axis; 

(e) a first mechanical coupling between said pan motor 
and said tiU motor platform for effecting rotation of said 
tilt motor platform about the pan axis during operation 
of said pan motor; 
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for movement within the base along the upwardly * 
extending inner surface; and 
fastening means for restricting a vertical movemmt of the 
inner frame rdative to the base along the upwardly 
extending inner surface, v^ereby the inner frame can 
be vertically adjusted and fixedly positioned relative to 
the base to accommodate ceilings of different thick- 
nesses. 

9. A method for monitcsing a selected area using a 
surveillance camera system, the system including a camera 
module and a monitoring station, the camera module includ- 
ing a camera and a pan-and-tilt mechanism having a tilt 
motor for tilting &e camera and a pan motor for panning the 
camera, said method comprising the steps of: 

(a) operating a tilt motor at a selected tilting speed to 
effect tilting of the camera such that the camera moves 
fipom a generally horizontal position to a generally 
vertical position; 

(b) monitoring a tilt position and tiie tilting speed of the 
camera; 

(c) comparing the tilting speed to a reference tilting speed; 
and 

(d) automaticaliy pivoting the camera by operating the 
pan motor so that the camera pans 180 degrees when 
the camera is substantially in its vertical position and 
the tilting speed is at least equal to the magnitude of the 
reference tilting speed. 

10. The method as redted in daim 9, furtiier comprising 
the step of: 

Gperating the tilt motor so that the camera tilts from the 
generally vertical position to the generaliy horizontal 
position after said step of automatically pivoting the 
camera. 

U. The method as redted in claim 9, fruther comprising 
the step of: 

automatically stopping the tilting of the camaa. whtn the 
camera is substantially in the vertical position and the 
tilting speed is less than the reference tilting speed. 
12. A method of monitoring a selected area using a 
surveillance camera system, tfie system induding a camera 
module and a monitoring station, the camera module indud- 



* * -ji .J* .j--.t* * 1^ , ing a camera, a focusaWe lens affixed to the camera, and a 
(f) tilt motor fixedly mounted to said tilt motor platfonn; 45 p^^and-tilt mcdianism having a pan inotor for pandng the 



(g) a camoa rotatably mounted to said tilt motor platform 
to permit rotation of said camera about a tilt axis; 

(h) a second mechanical coq)ling between said tilt motor 
and said camera to effect rotation of said camera about 
the tilt axis during operation of said tilt motor; and 

(i) a slq) ring mounted on said pan motor platform for 
providing electrical connections to said tilt motor and 
said camera, v^erein said housing is ad^^ted for 
mounting in a ceiling and comprises: 

a base mountable over an opening in tiie ceiling and 
having an upwardly extending iimer surface; 

an irmer frame disposed within the base for supporting 
said pan motor platform, the irmer frame being formed 



50 



55 



camera, said method conqirising the stq>s of: 

(a) operating the pan motor at a selected pan speed to 
effect panning of the camera to view a moving target; 

(b) periodically reading a parameter that rdates to the 
distance between the camera and the moving target, tkc 
parameter varying as the distance between the camera 
and the moving target varies; and then 

(c) periodically adjusting the pan speed in response to the 
parameter, whereby the pan speed is automatically 
adjusted based on the distance between tiie camera and 
the moving target 
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